Bulk properties
Figure S1: Atomic structure of CsSnI 3 polymorphs.
In this study, we have tested the influence of spin-orbit coupling (SOC) effect on the structural optimization of CsSnI 3 , using the γ phase as an example. Our PBE+SOC results show very small (i.e. negligible) changes of less than 0.01 Å for the lattice constants, less than 0.01
• for the Sn-I-Sn bonding angles, and less than 0.01 eV for the band gap. Therefore, we argue that the use of PBE (without SOC) for structural optimization is adequate for this study. Surface properties Figure S3 : Schematic flow of surface energy calculation from bond cleaving (E cl ) and surface relaxation (E rel ) approach.
In order to compare the relative energetic stability of two different terminations (AX or BX 2 terminations) of ABX 3 (001) perovskite surface, which are not stoichiometric, we calculate surface energies based on bond cleaving and surface relaxation approach from Refs.
8,9. Within this approach, the surface energy is defined as a summation of the cleaving energy (E cl ) and relaxation energy (E rel ). Here, E cl is assumed to be distributed equally between created surfaces due to the fact that two different terminations of ABX 3 (001) occur simultaneously during cutting the bulk into two slabs. Therefore, the surface energy with a termination t (E surf (t), where t = AX or BX 2 ) is represented as,
E cl is obtained via the following
Here, the factor 1/4 is attributed to the fact that totally four exposed surfaces are taken are 54, 56, and 20 respectively), 5.5 would be used as a coefficient of E bulk . The calculated E cl is defined as the same for both terminations. E rel (t) is obtained via the following
where E rel slab (t) and E unrel slab (t) are total energies of relaxed and unrelaxed slab with t termination. Here, A denotes the surface area of the slab model. The factor 1/2 is considered because there are two exposed surfaces in the slab models. The calculated E cl , E rel , and E surf are tabulated in Table S4 and comparison with ab initio atomistic thermodynamics (aiAT) are shown in Figure S4 . 
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